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XXIT -~ ﬁ?DIUM AWD JARGE AERODYFAJIC BALAFCES OF TWO NOSE- SHAPES

("i.-

AWD A PLAIY OVERHANG USEJ \ITd A 0 20 AIPPOIL C ORD WLAD

T

ON Ab NACA 0009 AIRFOIL _::-;:

By John M. R*ebe and Ellaaoeth ”cK.nrey

" : SUmARY_

Rlunt-nose and ellintical-nose overhsangs of 0.35
and 0.50 flap chord and a plain overhnang on a flap
having a chord of 0.20 airfoil chord have been tested
e in two-dimersional flcw on an NACA 0OCO9 airfoil. The
regsults of tihe tests are presented as z2erodynamic -

» section’characteristics for sevéral flap aeflections

’ .. with the gap-at the flep rocsé:sealed or: wnsealed.

Tests were made also .to determine  the effecbfvoness of -
a tab of 0.20.flap chord -on the pldin sealed flap and"
on- a-sealed. flap-having-en elliptical overhang of 0.35
flep-chord. The pressure. differende dcross the- fldp
ceal was &lso determined for: the nlair sealed flap

" L

The.resultiiisdiﬂaued that ‘the pla*n sealea Flap
i

I

i had the lgrgest ft-curve dlope, whereas the slopes
' .for.the 0.50-flap=¢kord averhangs were -the same as or '

, slightly 1arger thar: for the 0.3&-flap-chord overhangs.

! " A reduction-in slope-caused. by unsealirg tne f'lap gap

, increased with balance. chqrd. .

; The change in 1ift coef cient with Tlap deflection
generally increased whan the gap was sealed and when the
balence nose shape was changed from elliptical to blunt.

]

Ssaling the flap gap generally wads the variation
. of flap hinge-moment coefficlilent with angle of attack
' and with flap deflection more negative. Changing the
nose shape from blunt to elllptioal made the varlation
g of the flap hinge-moment coefficlent with angle of
. : attack more_negative for the sealed gep..and more positive

.
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for the unsealed gap. At small flap deflections, the
varistion of flap hinge-moment coefficient with flap
deflection was more negative for the elliptical-nose
than for the blunt-nose Plap; at large deflections,
however, this variation was more negative for the blunt-
nose flap.

The change of flap hinge-moment coefficient with
flap deflection for the unsealed blunt-ngse overhang
had a larger varlationr with balance chord than the ,
change of flap hinge-moment coefficient with angle of
attack; for the sealed blunt-nose overhang, these vari-
ations were about the same in the range of balance chord
from 0.35 to 0.80 fiap chord. For the sealed and unsealed
elliptical-nose overhangs, the change of flap hinge-
moment coefficient with angle-of attack had a lsrger vari-
ation than the change of flap hinge-momsent coefficient
with flap deflection. -

~TNTRODUCTION -

The NACA is conducting an extensive investigation
to determine the characteristics of various types of flap
arrangement suitable far use as control surfaces and to
provide data for design purposes. The investigation, )
which was made 1n the Tangley 4- by 6-foot vertical tunmnel,
has Included tests4f modifications of flap -profile,
trailing-edge angle, gep size, flap nose shape, and balance
chord; however, most.of these tests have been made 1in
two-dimensional flow with a flap having .a chord 30 percent
of the alrfoil chord (0.30c¢). The present tests have-
extended the investigation of balance chord and flap nose
shape, which was reported in reference 1 for a. 0.40c flap,
to a2 0.20c flap. Data-on the pressure-across the flap
nose seal and a method -of applying these pressure -data in
the design of internal balances are presented. Tab data
are presented for the plain flap and for a . flap with
serodynamic balance. " -

-.SYMBOLS

The. coefficients -and -2ymbols used 1n- this paper’
are defincd as followsry” '

cy airfoil sectian 1ift-coefficient (1/qc).

Pl
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Cdo

Cm

chf

e ' 3
ot s

airfoil. séction profiledrag coefficient (do/qcy’

airfoil section pitching—moment coeffi-
ctent (m/qc?)

flap section hinge-moment coefficient (hf/qcfz)

tab sectlion hinge-moment coefficient (ht/qctg)

.

resultant pressure coefficient (EELé_BE)

airfoil section 1ift

alrfoll section profile drag

airfoll section pltching moment about quarter-
chord point of airfoil; positive moment
moves noge of airfoll up

flap section hinge moment about flap hingeA
axis; positive moment moves tralling edge
down

tab section hinge moment about tab hinge axisj
positive moment moves trailing edge down

chord of basic airfoil with flap and:tab neu?ral
flap chord from flap hinée axis to tralling edge
tab chord from tab hinge axis to trailing edge
free-stream dynamlc pressure |

static pressure on lower surface of seal

static pressure on upper surface of seal

balance chord

angle of attack for airfoil of infinite aspect
ratlio; positive when nose of airfoil moves up
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Gf flap deflection with respect to airfoil; positive
when trailing edge 1s deflected down

6t teb deflection with respect'to‘flap, positive
when trailing edge is deflected down

/éao
or = \58¢

bC]’)

°%0 5z, ot
(écz>
e )%,
<;a0 8704

12 0%

CJ:oyﬁt

The subscripts buvsideAthe parentheses rebresent the
factors held constant during the measurement of the
parameters.
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APPARATUS AND MODEL

The tests were made in the Langley 4- by 6-foot
vertical btunnel described in reference 2 and modified
as described in reference 3.

The model, when mounted in the tunnel, completely
spanned the test section sxcept for g%—inch clearance

_gaps between the model and the tumnnel walls. With this
type of ihstallation, two-dimensional flow 1s closely
approximated and the section characteristics of the
airfoll, flap, and tab may be determined. The model
wag attached to the balance frame by torque tubes that
extended through the '‘sides of the tunnel. The angle of
attack was set from outside the tunnel by rotating the
torque tubes with an electric drive. Flap deflections were
set by an electrical position indicator, and tab deflec-
tions were set by a templet. The hinge moments of the
flap were measured with a special torque-rod balance
built into the model. ' '

Tab hinge moments were measured by an electrical
strain gage installsd in the model. For tests of the
plain sealed flap, the pressure difference across the
gap seal was measured on & manometer.

The model (fig. 1), which had a chord of 2 feet
and a span of 4 feet, was made of laminated mshogany
(except for a steel tab), was aserodynamically smooth,
and conformed to the NACA 0009 profile (table I). It
was equipped with a 0.20c flap and a 0.20cf plain tab.
The .f1lap had a plain nose with a radius that was approxi-
mately one-half the airfolil thickness at the flap hinge
axls or was fitted with 0.35cy or 0.50ce blunt-nose or

elliptical-nose aerodynamic balances. The elliptical
nose, the ordinates of which are given in table II, was
a true ellipse tangent to the alrfoll contour at the
flap hinge axis. The radil shown in figure 1 determined

Y

the blunt and plain noses.

The varlous nose blocks were interchangeable and
were fastened to the flap at the hinge axls. In order
to keep the rap at the flap nose at 0,005¢c, blocks
corresponding to each balance chord were attached to
the airfoil just ahead of the balance. For the sealed-
gap tests, airtight fabric was fastened between the flap
nose and the airfoill.
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The 0.20cy tab.had a nose radius approximately
one-half the airfoll thickness at the tab hinge axls.
The tab gap was 0,001lc for all the tests.

TESTS

A dynamilc preﬂsure of 15 pounds- per square foot,
which corresponds to a velocity of about 76 miles per
hour at standard sea-level conditions, was used throughout
the tests. The test Reynolds number was 1,430,000 and
the effective Reynolds number was approximately 2,760, 000.
(Bffective Reynolds number = Test Reynolds number X .
Turbulence factor. The turbulence factor for the Langley
4- by 6-foot vertical tunnel is 1.93.) The Mach number
for the tests was about 0.10.

The maximum error in angle of attack appears to .
be *0.2° It is estimated that the flep and tab deflec-
tions were set within %0.2°

An experimentally determined tunnel correction was
applied to the 1ift coefficient. 1In accordance with a-
theoretically derived analysis similar to that presented
in reference 4 for finite-span models, the angle of attack
and the hinge-moment coefficient were corrected for the
effect of streamline curvature induced by thoe tunnel
walls. . The increments of drag coefficient are believed
to be reasonably independent of tunnel effect, although
-the absolute valus 1s subject to an unknown correction.
Tnaccuracies in model construction and assembly of inter-
changeable blocks. probably caused the small flap hinge
moment- at ¢, = 0° and 6p = 0°.

A sﬁmmary of information for convenlence in locating
the data for the various model configurations is presented
in table IIT.

RESULTS AND DISCUSSION
"Lift

Thehiiftfcoefficient curves for the plain flap'and
for the flaps with various overhangs are given in figures 2

P P ™ LY S SO P L A N 2 T M I T RTINS S I A S IR TS Y F i = I
AT T s TR A R S AR AT R AT Y~ e e e U S T B e g B o e L I T T T
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‘to 11 for the flap gaps both sealed and unsealed. These
curves were nonlinear at large flap deflections. The
flaps with elliptical-nose overhangs generally developed
11ft to larger flap deflections than these with blunt-
nose overhangs.

Parameter values obtained from figures 2 to 11 are
summarized in table IV. The variations with balance
chord of the 1ift parameters Clqs %lage and Ggp BT

given in figure 12

. With tke gaps sealed and unsealed, the plain flap
had the largest valuss of the slope of’ the 11ft curve .cy.,
whereas the values of ¢y for the 0.50cy overhangs -
were the same as or large% than for the 0.550f overhangs.

This variation was similar for the 0.40c flap (reference 1).

A reduction in 'cL caused by unsealing the gap lncreased

with balance chordq

The value orf Czaf' was usually larger for the blunt

than for the elliptical nose. Except for the flap with
the 0.50cy blunt-nose overhang, sealing the gap increased

cz’éf.

The flap 1lift effectiveness parameter Cpp "decreased

aa the balance chord increased, except for the flap with
the unsealed blunt-nose overhang, and was‘usually larger
for the blunt-nose than for the elliptical-nose overhang.
Sealing the gap increased ag for the elliptical-nose

overhang and the plain flap but generally decreased it
for the blunt-nose overhang. The values of TCop given

in table IV and figure 12 were measured over a small
flap deflection range at 0 and therefore are mainly
useful as a comparison of tﬁe various configurations tested.

Einge Moment

The curves of flap hinge-moment coefficient as a
function of angle of attack at constant flap deflections
are presented in figures 2 to 11 for the plain flap and for
the flaps with various overhangs. No appreciable flap
oscillations were noticed throughout the flap.deflection
range tested, although such oscillations occurred on
the 0.40c flap (reference 1).
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. The hinge-moment parameters Che " and ”chfﬁf
a

presented in table IV and plotted against balance chord -
in figure 13 indicate that the 0.80c, blunt-nose over-
hang was overbalanced chf6 was positivel and had a

positive Che for the gap sealed and unsealed. (Values
a
of cpp were determined at o, = 0° and at 6p = o°

and values of cpy ~ were determined at q, = 0° and

small flap deflections.) The 0.20c flap was found to
be overbalanced for conditions similar to those for
whickh the 0.40c¢ flap tested on the same girfoll
(reference 1) had been overbalanced. For the flap with
the . 0.30cy overhang, Chfﬁf could be made negative by

the use of a tab deflected in the same direction as the
flap.

The 0.350ce elliptical*nose overhang, with sealed
and unsealed gap, had a positivs chfa- at 6p = 0°

at larger flap deflections, however, an increase in
angle of-attack or flep deflection generally gave a
negative increment of hinge-moment coefficient (figs. 10
and 11) . For the 0.50cy blunt-nose overhang, flap
deflections up to approximately 15° gave positive incre-
ments of hinge-moment coefficient; changing the flap to
larger deflections gave negetive increments.

Figure 13 indicates thét, for the unsealed blunt-
nose overhang, Chfé had a larger variation with
£

balance chord than chfa; for the sealed blunt-nose.
overhang, the variations of Che and Chfé were aboutb
a

the same in the range of balance chord from 0.35cye

to O. Sch For the sealed and unsealed slliptical-nose
overhangs, chf had a larger variation than chﬁ_5 .
a f

Changing the nose shape from blunt to elliptical
made ,chf more negative for the gesaled gap and more

a .. .
positive for the unsealed gap. Changing the nose shape
from blunt to elliptical als=so madse chf more negative
: : &
at small flap deflections and less negative at large flap
deflections.

peY
—-0 1
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Sealing the gap at the flap nose generally made

and cp more negative.
fq . oo -

Since the aspect—ratio corrections for streamline
curvature are always positive (reference 5) and since the
hinge-moment parameters are very small and the signs are
critical for several of the flaps with overhangs, the
slopes may change from negative to positive and produce -
an overbalanced flap on & finite-spsn wing.

Chf&f

Because the hinge-moment parameters shown in table IV

" represent the slopes of the curves at 6f Q° and g, = O°

these parameters should be used mainly asg ‘ah 1ndicati08 of
the relative merits of the different flap hose shapes.
Because the tabulated slopes are valid for only a small
range, the curves of hinge-moment .coefficient should be
used, rather than the tabulated parameters, in the calcu-
lation of the characteristics of & control surface.”’

“Pitcning Moment -

Values of the pitchingimoment parameters <?mcl)

and (c are shown in table IV and indicate the

>CC 6t
positlon of the aerodynamic center with respect to tbe 0.25¢
point. When the 1ift was varied by changing the angle of
attack at 6¢ = 09, the aerodynamic center for the plain
sealed flap was located at the 0.25c point; the aserodynamic
center for the balanced flap with sealed gap, regardless

of balance chord or nose shape, was near the 0.24c point.
The effect of unsealing the gap was to move the aerodynamic
center 0.0lc forward ,

The center-of- 1ift positionsdue to flap deflections
up to approximately 15° are given in the following table:

I

— T N rears T
- 5 T e e T s T RO S R D e A AP
- T T LALn R A S T I £ TRICRY - Bl C7a) B et A
BT R T LN R0 S PO AT RTINS B R A CR
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Center-of-1ift position caused by flap deflection
(percent c)
. j 0.35¢ce overhang 0.50cp overhang
Gap o1 : —
Plain .- . ‘ .
overhang ! Blunt 'Elliptical | Blunt {Ellliptical
. nose nose nose nose
Sealed 46 . 45 44 44 46
0.Q0&¢c 46 44 . 47 43 50

This table indicates that the center-of-1ift position .

was the same for the plain flap whether the gap was

gsealed or unsealed. The effect of unsealing the gap or

of increasing the balance chord was to move the center-
of-1ift position due to flap deflection forward on the
blunt-nose and rearward on the elliptical-nose flap.

The center-of-1ift position caused by flap deflection is -
a function of the aspect ratio (references 5 and 6) and
moves rearward as the aspect ratio decreases.

Drag

Becausge of an undetermined tunnel correction,
measured values of drag cannot be considered absolutse,.
but relative values of drag are thought to be Independent
of tunnel effect.

the

The increments of section profile-drag coefficilent
caused by flap deflection are presented in figure 14
for the plain flap and in figure 15 for the 0.55¢cye
and O. Sch blunt-rose. overhangs.

Tab Characteristicg

Because the characteristics for a tab on a flap
with serodynamic balance, in general, are similar to
those for a tab on a plain flap (references 3 and 7)
and are usually independent of flap nose shape (refer-
ence 7), only a limited investigation of tab charac-
teristics has been made.
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‘The aserodynamic séction characteristics as a function
‘ Q6
of angle of attack, for a tab ratio 553 = t1, are

o0
presented iIn figures 16 and 17 for the plain sealed flap
anG for tke O.SScf sealed elliptical-nose overhang,

respectively. The values of chf6 for the 0.35c,

elliptical-nose overhaeng (figs. 7 gnd 17} were, in general,
the same ag-or slightly less than the valuss for the-
plain flap (figs. 3 and 16). VWith the tab deflected and
with 6¢ = 0° (fig. 18}, Clét was 0.017 and Che '

wag -0.012 for the plain sealed flap. The tab, in gegeral,
was slightly more effective in producing 1lift on the plain
flap than on the flap with the 0.35c¢ overhang. The
effectivensss of the tab in changing the flap hinge moment
decreased with tab deflection. A comparison of figures 3
and 16 with figure 18 showed that the tab effectiveness
generally was the same whether the flap was at O° or
deflected. .

Pressure Difference across Plain-Flap Seal

The variation of resultant pressure coefflcient
across the plain-flap nose seal with angle of attack at
constant flap deflections is shown in figure 19. The
change in resultvant pressure coefficient with angle of

P .

attack 5&3' wag found to increasse with flap
0/8.,0

deflection. L ¢

The data of figure 19 can be used with those of
figure 3 to determine the flap section hinge-moment -
coefficlent at a given angle of attack and flap deflec-
tion for a 0.20c flap with an internal balance on an
NACA 0009 airfoil. It can be shown that

(Chf)IB = Chp + PRE " (1)
wliére

th) section hinge-moment coefficient for flap with
IB internal balance
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Che section hinge-moment coefficient for plain flap
with gap sealed, obtvained from figure 3

resultant pressure coefficient, obtalined from
figure 19 ’
: 2

.z)

°r

K constant, obtained from figure 20

t semithickness at hinge axis
Cb} balance chord plus cne-half gap width

The hinge-moment pérameters Ch and cy deter-
fq f6f
mined from flap hinge-moment coefficients obvalined by
equation (1) are plotted in figure 13 for internal balances
of various chords.

CONCILUSIONS

Blunt-nose and elliptical-nose overhangs of 35
and 50 percent flap chord (O.Sscf and O.Sch) and a plain
overhang on a flap raving .a chord 20 percent of the air-
foll chord (0.20c) have been tested in two-dimensional
flow on an NACA 0009 airfoil. A limited investigation
wag alse made of the cheracteristics of a2 0.20cy plain tab.
The results of the tests indicated the following con-
clusionsg

1. The slope of the 1ift curve was largest for the
plain sealed flap, whereas the slopes for the 0.50ce
overhangs were the same as or slightly larger than for
the 0.35¢cy overhangs. A reduction-in slope caused by

unsealing the gap increased with balance chord.

2. The variation of 1ift coefficient with flap
deflection generally increased wken the gap was sealed
and when the nose was changed from elliptical to blunt.

3. The flap 1lift effectiveness parameter T e

generally decreased when the overhang chord was increased
and was usually larger for the blunt-nose than for the
elliptical-nose overhang. Sealing the gap increased a5 p

SO v, v s ,1_ = .o AV oL Yo 'ﬂ_' 54 NN
NS TR A L A R e L T R n S T EEE
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for the plain flap and for the elliptical-nose overhang
but generally decreased it for the blunt-nose overhang.

4. Seallng the gap at the flap nose made the varia-
tlon of flap hinge-moment coefficient with angle of attack
more negative; changing the nose shape from blunt to
elliptical made this variation more negative for the sealed
. gap and more poslitive for. the unsealed gap.

5. The variastion of flap hinge-moment coefficient
with flap deflection was generally more negative with a
gealed gap than with an unsealed gap. Changing the nose
shape from blunt to elliptical made this variation more .
negative at small flap deflections and less negative at
large flap deflections. .

6. The change of flap hinge-moment coefficient with
flap deflection, for the unsealed blunt-nose overhang,
had a larger variation with balance chord than the change
of flap hinge-moment coefficient with angle of attack;
for the sealed blunt-nose overhang, these variations were
about the same in the range of balance chord from 0.35ce

to 0.50ce. For the sealed and unsealed elliptical-nose

overhangs, the change of flap hinge-moment coefficient
wlth angle of attack had a larger variation then the
change of flap hings-moment coefficlent with flap deflection.

7. For 81l conditions, unsealing the gap moved the
aserodynamic center forward about 1 percent airfoil chord.
Unsealing the gap or increasing the balance chord moved’
the center-of-1ift. pgosition due to flap deflection forward
for the blunt-nose and rearward for the elliptical-nose
flap.

8. The tab was slightly more effective in changing
the '11ft and the flap hinge moment on the plain flap than
on the flap with 0,35cy elliptical-nose overhang.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Asronautics
Langley Fleld, Va. '
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TABLE I
ORDINATES FOR WACA 0009 ATRFOIL
[Stations and ordinates in percent airfoil chord]
Station Upper surface Lower surface l
O O “ . B Py B 0 O
1 . 25 l . 42 R - 1 - 42
2.5 - 1.96 , ~-1.96
5 2 . 6’7 ) "'2 Iy 6‘7 ) .
7.5 3.15 -3.15
10 3.51 ) -3.51
15 4.01 . -4.01 , -
20- 4.30 _ © 4,30
25 4 . 46 : "4 . 46'
30 4.50 , - -4.50
.40 4.35 o -4.35 '
S0 3.97 ’ -3.97
60 3.42 ‘ S L =B.42 - -
70 2.75 -2.75
80 1.97 -1.87
90 1.09 | -1.09
95 .60 -.60
. 100 0 ' 0 -
L.E. radius: 0.89
. NATIONAT, ADVISORY
COMMITTEE FOR AERONAUT$CS
; B AR S S A R N i e T AR T T
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TABLE II

ORDINATES FOR 0.35ce AND 0.%0ce ELLIPTICAL-NOSE OVERHANGS

[Stations measured from.fofwar@ end of overhang; stations
and ordinates measured in percent airfoil chordJ

0.35¢ce overhang 0.50cy overhang
Station Ordinate Station Ordinate
0 0 0 o)

.03 .21 .03 .21

.12 .42 .15 .42

.18 .62 .36 .62

.50 .83 .65 .83

.81 1.04 1.05 1.04
1.22 - 1.25 1.58 1.25
1.75 . 1.46 2.25 1.46
2.48 . 1.67 3.17 1.6%7
2.85 ’ 1.75 3.63 1.75
3,30 1.83 4,18 1.83
3.90 . 1.92 4.87 . 1.92
4,92 2.00 5.86 2.00
5.67 2.02 6.70 2.04
6.42 -} 2.00 . 7 .67 . 2.06 -
7.00 1.97 8.64 2.04

- 9.48 2.00
10.00 o 1.97

NATTONAL ADVISORY
COMMITTEE FOR ALRONAUTICS

'y



TABLE III

MODEL CONFIGURATIONS TESTED

[WaCA 0009 sirfoil with 0.20c flap and 0.20c, plain tab; tab gap, 0.001c]

Overhang

I'lap gap 8f range 0t range Figure
(deg) (ceg)

Plain 0.005¢ 0 to 30 0 2, 14
Plain Sealod O to 30 0 3, 14, 19
0.35¢cy blunt noss 0.005¢ 0 to &5 0 4, 15
0.35¢¢ blunt nose Sealed 0 to 25 0 5, 15
0.28ce elliptical nose 0.005¢ 0 to 25 0 6
0.35¢cr elliptical nose Sealed 0 to.=25 o 7
0.50ce blunt nose 0.005¢ -0 to 25 . 0 8, 15
0.50cy blunt nose Sealed 0 to 20 0 9, 15
0.50cey elliptical nose | 0.005c 0 to 25 0 10
0.80cys elliptical nose Sealed 0 to 20 0 11
Plain Sealed 0 to 30 -30 to 30 16
O.SScf elliptical nose Sealed 0 to 20 -20 to 20 17
Plain Sealed 0 0 to 30 18

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

*Oil ¥¥V VOVN

90431

AT
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THBLE IV-

- PARAMETER VALUES FOR 0.20c FLAP WITH PLAIN 0. 35cf, AND 0.50cyp OVERHANGS
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NACA ARR No. L5F06 o Fig. 18 Conc.
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